Service Ecosystem: A Lens of Smart Society by Xue, Xiao et al.
Review 
 
Service Ecosystem: A Lens of Smart 
Society 
Xiao Xue1,*, ZhiYong Feng1, ShiZhan Chen1, ZhangBing Zhou2,  ChengZhi Qin4,5, Bing Li7, ZhongJie Wang8, Bin Hu9, HongYue Wu1 , 
ShuFang Wang3, Lu Zhang11
 
 
oday, the emergence of intelligent technologies (such as the 
Internet, Internet of Things, big data, cloud computing, 
virtual reality, block-chain and artificial intelligence) are 
promoting the accelerated evolution of human society. The human 
society is like a container, in which these intelligent technologies 
continue to perform multi-form combinations and fusions to construct 
intelligent services in  various application scenarios1-6. In fact, "data + 
computing power + AI algorithm = intelligent services" is becoming a 
new type operating rules for the human society, so called smart society. 
Consequently, the entire society has gradually evolved to be an 
ecosystem with various self-growth service species, which are created 
and operated by different members in the society. It is continuing to 
evolve driven by technological innovation, with energy and vitality 
beyond imagination7-9. 
What is the difference between smart society and traditional society? 
“Smart society” is an anthropomorphic term, where the elements in 
society include no longer pure human intelligent species, but also 
machine intelligent species, and the combination of the two Species10. 
When problems or changes occur in smart society, machine 
intelligence species can collect ubiquitous data and relevant 
information automatically, properly response based on service 
convergence and supply-demand matching, and iteratively detect 
feedback then to adjust their behaviors, and even make anticipation 
and prevention before the appearance of problems. Compared with the 
relatively slow and vague response of traditional society, smart society 
can achieve a leap from quantitative changes to qualitative changes.   
“Chemical reaction” between intelligent technologies and human 
society drive those individuals, organizations, industries, and the world 
to be destructed granularly and restructured intelligently. At the level 
of daily life, the emergence of intelligent recommendation services 
(e.g. Amazon ECHO, Apple Homepod and AliGenie) has changed our 
daily behaviors and living habits to some extent, such as increased 
planning of behavior and decreased randomness or suddenness. At the 
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organizational level, intelligent technologies are changing traditional 
business mode in various fields. For example,  the modes of education, 
finance, security, health, business, and social media are being 
redefined gradually. At the level of social governance, the platform-
based model has shown an increasingly obvious tendency to 
monopolize, while the non-governmental organizations (NGOs) and 
civil society groups are also becoming with more influential11-13. 
The development and evolution of smart society involve many 
perspectives, including technology, society, economy, law, culture, etc. 
The complexity of smart society often makes us take hold of a branch 
and think it is the whole tree23-24. On the one hand, the emergence of 
smart society is a bottom up process with self-organization and self-
growth of various intelligent species. The state of the society is 
prescribed by the spontaneous interaction between human intelligence 
and machine intelligence. On the other hand, the smart society is a 
product following a top-down design. The rules revealed by machine 
intelligence with big data may change the planning and evolution path 
of human society. Nowadays, smart society has achieved great success 
in many fields, but there are also a series of potential crises, such as 
the security of personal privacy14,15, essential defects of machine 
intelligence16-18, and potential risks of technological governance19-22, 
and so on.   
We need a new discipline that can integrate insights from inter-
disciplines, which can reveal the full picture and evolutionary laws of 
smart society. As the bridge between infrastructure and users, service 
science gives a unified description logic to everything in smart society, 
including applications, platforms, data, algorithms, resources, and 
everything else. Service technology plays the role of "connector", 
making the collaboration and integration of cross-border elements 
truly possible7-9. All kinds of intelligent services are no longer isolated 
individuals, but an ecosystem of mutual dependence and mutual 
benefit. Therefore, service ecosystem provides a novel perspective and 
paradigm for observing and analyzing smart society.  
T 
Intelligence services are playing an increasingly important role in the operation of our society. Exploring the evolution 
mechanism, boundaries and challenges of service ecosystem is essential to our ability to realize smart society, reap its benefits 
and prevent potential risks. We argue that this necessitates a broad scientific research agenda to study service ecosystem that 
incorporates and expands upon the disciplines of computer science and includes insights from across the sciences. We firstly 
outline a set of research issues that are fundamental to this emerging field, and then explores the technical, social, legal and 
institutional challenges on the study of service ecosystem.  
The overview frames and surveys the emerging interdisciplinary 
field of service ecosystem: the evolution law and the influence 
boundaries of smart society. Here, we will outline the key research 
themes, questions and landmark research studies that exemplify this 
discipline. We starts by providing the background of service ecosystem 
and its interdisciplinary characteristics. We then provide a conceptual 
framework for the studies of service ecosystem. We close with a 
discussion of the technical, legal, economical and institutional barriers 
faced by researchers in this field.  
RESEARCH MOTIVATIONS 
There are three primary motivations for the study of service 
ecosystem. First, various kinds of services are playing an ever-
increasing role in the evolution of smart society, and service ecosystem 
can provide a paradigm of describing smart society. Second, the duality 
characteristics of intelligent technologies make the evolution trend of 
smart society difficult to predict systematically. Third, because of the 
complexity properties of smart society, how to apply service ecosystem 
to reveal the laws behind the evolution of smart society poses a 
substantial challenge.   
The service diagram of smart society 
Smart society can be described as a complex functional service 
platform, which is used to facilitate the production efficiency and 
residents' well-being with restricted resource conditions (e.g. space, 
environment and energy) through centralized supply of infrastructure 
and public services. As shown in Fig.1, the operation logic of smart 
society consists of three parts: 
(1) External environments (social network): The external 
environments are an important factor influencing the implementation 
of smart society, including population, law, culture, customs and 
industries, etc., especially the coordination of interests among 
government, enterprises and citizens. Enterprises will act as the service 
providers and give birth to intelligent services to satisfy ubiquitous 
demands. The public having diversified appeals may reach a consensus 
in a way, and bring about the emergence of demands. The governments 
have the responsibilities to guard social equality and public interests 
by virtue of policies, laws and regulations.  
(2) Ecological species (service network): Various types of 
“ecological species” (i.e., services) co-exist in a smart society, 
including artificial decision-making services, machine intelligence 
services, and human-machine coordination services. Through their 
interconnection and cooperation, these services can realize the on-
demand customization of a single resource and the on-demand 
aggregation of multiple resources7-9. Based on this, it is possible to 
create "virtual organizations" in various fields (e.g. teams, enterprises 
and governments), as well as to redefine the working processes for 
various public affairs (such as government affairs, transportation, 
environment, health, etc.)11-13.  
(3) Circulation mechanism (value network): Services are the 
medium of value creation and circulation between diverse roles in a 
smart society, and they are used to build a value network between 
service demanders, providers and operators46. Such a value circulation 
can promote the evolution of social network, including the change of 
individual recognition and decision-making behaviors, cross-domain 
intersection and integration of organizations, and the refinement of the 
social governance mode. 
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Fig.1 | Operation diagram of smart society.  “Service” plays the role of a clue in the operation of smart society, linking three parts together. First, all 
kinds of online or offline resources (applications, platforms, data, algorithms, and facilities) from external environments are virtualized and published in the form 
of services47-49, that is, everything as a service (XaaS). Second, services can be circulated between different roles just like a commodity to achieve value creation 
and distribution46.  Third, the value circulation will affect the adjustment and evolution of external environment. Finally, all services are connected to each other 
with the influence of external environment, and form an “individual-population-community” structure similar to the natural ecosystem50-54. 
  
  
The two-faced future of smart society 
"Smart society" is a predictive concept based on the vision of the 
future development of intelligent technologies. In the meanwhile, 
"smart society" is a realistic concept, and its influence has already 
evidenced in all levels and domains of society. The intelligent 
technologies has duality characterizes: sunny with a chance of 
thunderstorms. For each of the three development stages of smart 
society, Table 1 exemplifies those killer applications and highlights 
those potential pitfalls. It is too early to tell whether the positive 
changes wrought by smart society will outweigh the perils. We hope 
that the development of smart society will not deviate from people's 
expectations. It not only takes into account the interests of all parties 
(citizens, enterprises, and government), but also needs to abide by a 
series of norms such as technology, economy, law, and ethics.    
TABLE.1 | Killer Applications and Potential Pitfalls in a Smart Society 
Stage Killer applications Potential pitfalls 
The 1st stage  
(1998-2012)  
 
Internet 
intelligence 
Machine intelligence was mainly applied to the Internet. To solve 
the information overloading problem in the Internet era, an 
information intermediary platform bridging the supplier and the 
demander was constructed to provide users with accurate 
recommendation services28-30. Amazon, Taobao, and so on are killer 
applications in the e-commerce field. Google, Netflix, Toutiao, and 
the equivalences are representatives in the news field. 
Technical Aspect: Users might suffer from information 
cocoons31,32, algorithm discrimination16-18, etc. Algorithm drift 
might also lead to the inaccuracy of prediction33-36.  
Social Aspect: The centralization of data storage and analysis 
might contribute to the rise of monopolies in a few platform 
companies, eventually stifling innovation and manipulating 
consumer choice19-22. 
The 2nd stage  
(2011-present)  
 
Intelligence of 
physical world 
Machine intelligence began to spread in the physical world. The 
contradiction between limited service capacity and rapidly 
increasing demands prevails in the physical world. Traffic 
congestion, retail, energy shortage, and environmental pollution all 
reflect the lack of infrastructure in terms of dynamic service 
capabilities and service efficiency. The problems of public facilities 
such as finance, education and medical treatment reflect the 
inadequacy of public services in terms of layout, supply and service 
level41-42. 
The goal of machine intelligence is to mitigate the current situation 
of supply and demand matching. The methods are either to 
eliminate the information asymmetry between supply and demand, 
or to increase service supply capacity significantly. Uber, Meituan, 
Hema Fresh, etc. are typical representatives of O2O life services37-
38; Alipay and PayPal are representatives of financial services; 
Alphabet’s "Sidewalk Toronto" project14,15, and Ali’s urban brain13 
are representatives of smart cities. 
Technical Aspect: Machine intelligence mostly makes 
decisions through analyzing event logs, and is incapable of 
dealing with emergencies, such as the impact of financial crises 
on personal credit status, and the response in the case of sudden 
outbreaks of an epidemic39,40. 
 
Social Aspect: In many cases, smart cities hope to achieve 
optimal supply and demand matching without increasing the 
burden of resources. However, local optimization in complex 
networks does not necessarily lead to global optimization. 
Whether an intelligent service system can solve the problem 
thoroughly remains a doubt41,42. For example, navigation 
services may fail due to big data traps40,45-47 during rush hours, 
because they intensify the conflict between multiple users’ for 
limited traffic resources34,34,44. 
The 3rd stage  
(2015-present)  
 
Autonomous 
intelligence 
Machine intelligence gradually realizes autonomous decision-
making and continuously promotes the accelerated evolution of 
human society. This stage has the following characteristics: (1) 
Enhanced Integration. All human, things and environmental factors 
are all incorporated into an intelligent network, and are fully 
perceived, understood and calculated. (2) Comprehensive 
intelligence. Machine intelligence would be widely distributed in 
society, seamlessly integrated with human intelligence. (3) 
Detailed planning. In the presence of unknown risks, machine 
intelligence can still provide effective public services. 
There are several typical representatives, including the 
automatic order dispatch algorithm of Meituan and Uber, the 
unmanned driving system of Apple and Google. Some scholars 
even declared  that big data will make it possible to accurately 
predict the market, and ultimately achieve a planned economy 22.  
Technical Aspect: Socio-economic systems are complex 
hierarchical systems with various influencing factors and 
complicated interconnected networks. The larger the scope of 
the problem, the higher the correlation complexity of the data, 
and thus the possible scenarios will also increase exponentially. 
Simple, unified, and average centralized interventions may lack 
adaptability and thus are difficult to deal with those uncertain 
and comprehensive issues. The failure to predict the financial 
crisis and stock market volatility are classic cases, where the 
reason lies in the continuous occurrence of various black swan 
events39,40. 
Social Aspect: A contradiction exists between the macroscopic 
regulation of social economic system and the autonomous 
behavior of individuals. Both of them always involve in an 
evolutionary game, and it is difficult to get effective governance 
measures once and for ever, such as the problems for urban 
planning23 and social ethical conflicts 45. 
Research motivations for Service Ecosystem 
Smart society is a complex social-technic system25-27. First, the 
performance of smart society are determined much more by the way 
these intelligent species are intertwined with each other, than by 
characteristics of a single intelligent element. Second, a two-way 
feedback mechanism (feedforward and feedback) exists between the 
technical system and social behaviors, which will induce the smart 
society to produce a complex second-order emergence31. Third, with 
the emergence of a devastating technology or innovative business 
model, the smart society may experience a state transition from one 
phase to another32. Due to such complexity, it is hard to image what a 
smart society will evolve into, and what we can recognize is certain 
sides only.    
As mentioned above, “service” plays the role of a clue in the 
operation of smart society, and “service ecosystem” is an appropriate 
natural metaphor for smart society. In this context, “service ecosystem” 
becomes an appropriate choice for observing and understanding smart 
society, which can avoid the dilemma of “taking a part as the whole”.  
By means of service ecosystem, we hope to construct a new diagram 
to deal with the complexity challenges of smart society, especially two 
key issues: (1)What is the laws behind the complex evolution 
phenomena of smart society? (2) How to identify the expansion 
boundary of smart society to avoid its possible deviating from people’s 
original intentions?  
INTERDISCIPLINARY RESEARCH 
To study service ecosystem, especially the evolution and expansion 
of smart society, we must integrate knowledge form across a variety of 
scientific disciplines (Fig.2). This integration is currently in its nascent 
stages and has happened largely in an ad hoc domain in response to the 
growing need to understand service ecosystem. Currently, the 
scientists who most commonly study service ecosystem are the 
computer scientists, AI scientists and software engineers who have 
originally designed and created the smart society. These experts may 
be expert mathematicians and engineers; however, they are typically 
  
not trained complex system science. They rarely receive formal 
instruction on separation of scales, complexity and uncertainty, 
dynamic sensitivity and chaos, multi-scale evolutionary process, let 
alone the complexity challenges caused by social systems. Conversely, 
sociological scholars have long been concerned about the impact of 
smart society and regarded it as one of the most typical and prominent 
technological governance representatives19-22. However, due to the 
non-transparency of intelligent technologies, as well as the lack of AI 
knowledge, their research have to be conducted in terms of “black box 
manner”.  
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Fig.2 | Multidisciplinary Research of Service Ecosystem. Service 
ecosystem lies at the intersection of the fields that design and engineer 
intelligent services and the fields that traditionally use sociological methods to 
study human society. The insights from complexity science provide guidance 
that can help to study the laws of smart society. In turn, those fields can provide 
new practice of intelligent services and identify the new issues of technological 
governance. Finally, service ecosystem provides a lens of smart society to make 
more precise statements about what smart society will be.  
Integrating scientific practices from across multiple fields is not 
easy. So far, the main focus of those who create smart society has been 
on developing and expanding intelligent services in the corners of the 
entire society55-58. Excellent progress has been made in different 
domains, including face recognition, speech recognition, intelligent 
recommendation, autonomous locomotion, and so on55-58. Furthermore, 
these cross-domain services are connected to fulfill more complicated 
affairs, for example, intelligent healthcare, intelligent retail, intelligent 
security, and intelligent transportation, etc50-54. Finally, the scope of 
intelligent services covers building, communities, and cities11-15. 
Several benchmarks of service convergence technologies have been 
proposed to support the construction of service ecosystem in smart 
society, such as service mesh-up (data convergence), Big  
Service(capability convergence), and crossover service(domain 
convergence) 70. 
Under this context, service ecosystem can provide researchers with 
a suitable research object having both technicality and abstractness 
features. We hope to explore the potential effects of intelligent 
technologies on human society, define macroscopic or microscopic 
indicators to interpret the operation state of smart society, and predict 
whether interference strategies can affect the evolution trend of smart 
society. In such a research process, other complementary fields can 
provide inspiring thinking models, research tools, and a variety of 
optional conceptual frameworks. 
RESEARCH THEMES 
The natural ecosystem represents a unified entity of the biological 
population and the inorganic environment. All the things in the nature 
ecosystem have their own niches and functions, meanwhile they are 
interwoven into a network. Driven by the continuous input of energy 
and matter from external environments, the energy loop between 
species is realized through the food chain59. Natural selection, serving 
as an invisible hand, is continuously promoting the competitive 
evolution within natural ecosystem, in which existing species may 
extinct and new species may emerge. Finally, the ecosystem maintains 
a complex and dynamic balance. The breakdown of such a balance 
may lead to permanent loss of certain biological species.  
To promote the sustainable development of natural ecosystem, 
researchers proposed the so-called DPSIR model, which formalizes the 
relationship between species and environments based on five 
components, i.e. Driving forces, Pressure, Status, Impact, and 
Responses60. This model can reveal the causality relationship between 
environments and economy by effectively integrating resource, 
development, environment and human health related stuffs. Although 
there are essential differences between natural ecosystem and service 
ecosystem, the research on service ecosystem can be enlightened by 
that in natural ecosystem. To explore the operation and evolution laws 
of smart society, we summarize the researches of service ecosystem 
into five themes (DOSTR): Driving forces, Operation, Status, 
Traceability, Response.  
Response refers to the intervention 
measures taken to improve the status of 
service ecosystem. The whole process is 
limited by relevant systems and technical 
capabilities.
Driving force explains the underlying 
reasons for the evolution of service 
ecosystem, including technology-
driven and demand-driven, both of 
which jointly promote the evolution 
of smart society.
Operation explains the interaction 
between intelligent technologies and 
human society from the perspective 
of complex systems, including social 
networks, service networks and 
value networks.
Status describes the performance of service 
ecosystems from different perspectives, 
including ecosystems, complex networks, 
and socioeconomic systems, which is the 
basis for the subsequent analysis and 
optimization. 
Traceability describes the laws and 
explanations of changes in the service 
ecosystem, including causality, 
purpose tendency and random chance.Driving
Operation
Status
Response
Traceability
 
Fig.3 | Research Theme of the Service Ecosystem.   These five steps reflect the logical chain of the operation of service ecosystem: Driving force is the 
premise, Operation represents dynamic characteristics, Status represents static characteristics, Traceability constructs the causality relations between up-to-date 
status and various events, and Response means intervention and adjustment of service ecosystem.    
  
Driving Forces 
The operation of service ecosystem needs to coordinate the interests 
of the government, enterprises and citizens. Wherein, the top-level 
design following a top-down manner is certainly important, but the 
bottom-up R&D competition through marketization innovation and 
extensive participation of the public are also indispensable. 
Technological driving force is a prerequisite for the operation of 
service ecosystem. The natural ecosystem relies on absorbing negative 
entropy to maintain its order61. In service ecosystem, the intelligent 
technologies function as the negative entropy. They can reshape the 
value cycle rules of service ecosystem and make it more efficient to 
meet user’s needs62-64. The innovative development of intelligent 
technologies will promote the emergence of novel technological 
“species”, thereby reshaping the growth curve of service ecosystem, 
and restarting the coordination and optimization process of service 
resources. However, the newborn intelligent technological species may 
be isolated niche nodes at their early stage. It is hard to predict what 
type of service model innovation they will give rise to and what kind 
of impact they will have on current human society, such as the 5G 
communication technologies, block-chain, and unmanned driving.  
Demand pull is a necessary condition of operation in service 
ecosystem, which is the mismatch of service supply and demand 
emerging from the bottom up. The full digitalization of social 
operation allows us to have deeper insights into the society as the 
whole, including not only the dynamic information of demand side 
(typically, people flow, traffic jam, environmental pollution, and 
negative events) but also the operation situation of supply side 
(typically, roads, infrastructure and kinds of public services). On the 
one hand, the initial state of service demands and supply is uncertain, 
due to the sociality and diversity of their sources65-67. On the other hand,  
the status of service supply and demand matching often change 
dynamically during the long-lasting process69,70. The supply-demand 
matching is inherently uncertain.  
The continuous evolution of service ecosystem depends on the 
combined effect of technological innovation and social demands. A 
bilateral circulation exists between these two parts. Social demands 
have promoted the emergence of novel intelligent technological 
species as well as the optimization and upgrading of existing intelligent 
technical services. The emerging of intelligent technological species 
does not indicate that current social procedures (planning, construction, 
operation and management)are simply transferred into online 
procedures, but are redefined with an interactive, sharing, elastic and 
lean model to form a new competitive model. Sharing economy is a 
typical example of social evolution driven by intelligent technological 
innovation, which can make full use of those originally idle service 
resources to improve the operating efficiency of service industry by 
means of mobile Internet technologies 67,68. 
Operation 
The operation of service ecosystem can be described by the multi-
layer heterogeneous networks, including social network (external 
environment), service network(technical species) and value 
network(circulation mechanism).  
Social network is a complex network of interactions and 
associations between service consumers, service providers, service 
operators and their groups. In the co-evolution of these roles and their 
groups, a two-way feedback loop will be formed between the demand 
side and supply side. Through self-growth and self-organization of 
individual demands, system-level demand trends emerge and then 
influence the technological innovation trends on the supply side. To 
meet complex scenarios, the single-point technologies on the supply 
side will make various combination to form the fusion of intelligent 
technology communities. As a feedback, individual demands are 
influenced and refined, which may be subject to the constraints of their 
historical paths. Regardless of the supply side and demand side, the 
system level cultures are established by absorbing and accumulating 
the individual level knowledge, and then influences the individual 
decision-making and behaviors in turn. Such a social evolution 
phenomenon is a case of the 2nd order emergence69.    
Service network refers to the network composed of all available 
services, and its core is to capture the abundant physical and social 
information of services, and to establish the interactive relationship 
among services. Different services collaborates and compete on the 
territory of smart society, and the fittest among them will survive.  On 
the one hand, service nodes are subject to continuous iterative 
optimization to promote their own value realizing ability, hoping to 
gain advantages in a series of procedural operations (e.g. on-demand 
service selection, combination, scheduling,  and optimization) . On the 
other hand, the machine intelligence services constantly explore new 
opportunities of value creation through crossover and cooperation 
with traditional domains.  Cross-domain and aggregation are its 
typical characteristics70.  
The value network represents the process of value increment and 
circulation among service nodes, similar to the process of energy 
circulation in the natural ecosystem46,71,72. The operation of service 
ecosystem is a value-driven cyclical feedback, and it is composed of 
four steps:  value creation, value operation, value realization and value 
distribution. In the process of service supply and demand matching, 
the complicated and dynamic value co-creation relations between 
providers can be generated through their self-organization mechanism. 
When the service matching process is completed, the utility value of 
services can be realized through satisfying users’ needs. At the same 
time, consumers transfer the value to providers for enjoying services, 
and then the value distribution is conducted among related service 
providers. Different service operation strategies will lead to large 
differences in the output or cost of value network, which will affect 
the operation efficiency of service ecosystem. The continuous 
evolution of value network will affect the adjustment of social network 
through feedback. 
State 
Service ecosystem combined the self-organizing characteristics of 
complex system and the coevolution characteristics of ecological 
system, and the value-driven characteristics of economic system. To 
clearly understand its current status, the measurement and evaluation 
of service ecosystem are necessary to be carried out from three 
dimensions: ecosystem, socioeconomic system, complex network75,76.  
The ecological indicators are mainly used for macro-evaluation of 
service ecosystem, which are developed from three dimensions (i.e., 
external environment, ecological species and circulation mechanism). 
In the environmental dimension, the research is mainly on how the 
system obtains negative entropy from the environment to maintain the 
order and output of the system. The indicators include openness, 
sustainability, etc. In the species dimension, the research is mainly on 
the niche formed by the interaction between species in the system, and 
the indicators include diversity, hierarchy, etc. In the cycle dimension, 
the research is mainly on the features and changes of the system at 
different stages with focus on future forecasts74. The indicators include 
periodicity, anti-interference, etc.  
The complex network indicators are mainly applied to compare and 
analyze the basic structure and interaction of service ecosystem75-77. 
Researchers hope to construct a knowledge map of service ecosystem, 
thus to provide a guide for the sustainable development of service 
ecosystem. The research mainly include the following three 
perspectives: (1) The relational approach focuses on the connection 
relations between nodes, which are used to describe specific behaviors 
and processes. The indicators applied include density, scale, centrality, 
symmetry etc. (2) The positional approach targets at the social 
structure reflected by the relationships among multiple nodes, and 
emphasizes the importance of structural equivalence in understanding 
social behavior. The indicators used include community, hot spots, 
structural voids, path length, etc78-80.  (3) The performance approach 
  
studies the performance of the entire network system. The indexes 
include functionality, responsiveness, reliability, availability etc.  
The social-economic indicators (including competition model, 
fairness, validity, Quality of Service, social utility, externality, 
risk/security, credit, preference etc) determine whether smart society 
can develop sustainably. Here, three laws of technology and economy 
need to be paid attention: (1) Metcalfe's Law, that is, the value of 
network economy is equal to the square of the number of network 
nodes, and the benefits generated from network will grow 
exponentially along with the increase of network users81,82. (2) 
Matthew Effect, that is, “the strong being stronger and the weak being 
weaker”. The current development of intelligent technologies depends 
on the application of big data, having strong economy of scale and 
economy of scope. This will strengthen the monopoly situation83,84. (3) 
Marginal Utility: The service cost will decrease progressively with the 
increase of the scale of system initially. But after the scale reaches to a 
certain level, the invest and produce will approach to the bottleneck of 
accumulation and growth. Service ecosystem can not expand without 
limitation, due to the constraint of various policies, resources and 
technologies85-87.  
Traceability 
The factors affecting the evolution process of service ecosystem are 
complex and difficult to be recognized. Besides, the evolution paths 
may be affected by people's free will and subjective initiative, and may 
change occasionally due to accidental events. To find out the reasons 
for the current state of service ecosystem, the research needs to be 
conducted to reveal the laws from three aspects, i.e. cause 
determinism89-93, goal orientation and random contingency. 
The cause determinism is largely due to the data dependence of 
machine intelligence. Whether the data is valid and accurate will 
directly affect the running results of machine intelligent algorithms, 
inducing potential pitfalls in smart society. The nature of data 
recording the past cause the machine intelligence lacking the ability of 
predicting future scenarios and being difficult in dealing with 
emergencies88. The domain-specific features of data results in the 
"disastrous forgetting" issue of machine intelligence, which often fails 
in cross-domain applications89,90. The positive feedback characteristics 
of machine intelligence will continue to strengthen the original results, 
which may result in information cocoon31,32 and algorithmic 
discrimination16-18. In many cases, it becomes very difficult to find the 
causality with an increasing system complexity, and we have to use 
strong correlation instead94,95. 
The goal orientation reflects people’s free will and bounded 
rationality. Both manual decision-making services and machine 
intelligence services are purposive and initiative. They can 
continuously improve their “survival skills” through mutual learning 
and interaction with the environment, thus to survive and evolve. Such 
purposive behaviors of services may result in unfair competition and 
undermine the healthy development of service ecosystem, such as a 
bidding ranking of search engines, the brush reputation of e-commerce 
etc96. The stable organizational behavior patterns will emerge from a 
large number of individual autonomous behaviors, for example, the 
scale-free effect caused by Preferential Attachment97. The purposive 
interaction between individuals and the environment will cause the 
ecosystem to constantly reshape its own evolution direction, strategy 
and structure. 
The random contingency is an accumulated result of quantitative 
behaviors, which will promote the ecosystem to evolve from low level 
to high level, such as the selection and adaptation brought about by 
technological innovation and environmental mutation. In service 
ecosystem, the source of service provision and service consumers are 
social. This sociality exacerbates the diversity, uncertainty, and 
dynamics of service provision and service demands. If the information 
we own is little in comparison with the complexity of problems, the 
data-driven method often becomes incapable. There are many sudden 
and uncertain events beyond the method’s capability, such as suddenly 
popular people and events in the online social space98,99. 
Fundamentally speaking, many problems to be solved by machine 
intelligence are actually the problems of how to eliminate uncertainty. 
When the sample data is insufficient, the expert opinions and sample 
data need to be integrated to make up for the deficiency in 
measurement. With the increase of data, various possible scenarios in 
reality will be gradually covered100,101.   
Response 
The evolution of service ecosystem may follow different trends, 
either evolving from low level to high level, from simple to complex; 
or degrading from high level to low level, from complex to simple. To 
promote the healthy development of service ecosystem, it is necessary 
to conduct some reasonable and limited interventions to it. 
After the digital transformation of social service infrastructure 
system, the society has gradually become a huge ICT product, realizing 
the online, interconnected, sensible and controllable of everything. By 
virtue of the digital logic of smart society, the mismatching or 
overfitting between service supply and demand can be discovered 
timely, which can provides the possibility for the refined and effective 
intervention. By virtue of the study and abstraction of a large amount 
historical data, together with the assistance of expert knowledge, the 
causality correlation among various social problems and phenomena 
can be presented in a storyline of events and affairs. Such a way can 
help the decision makers promptly identify the key events and affairs. 
Furthermore, the precise intervention for optimizing social governance 
can be conducted by increasing service supply or optimizing supply-
demand matching. Note that, the interventions often involve the 
interests of different stake-holders. This means that the constant trial-
and-error and iteration to perfection will be necessary for reaching a 
consensus among stake-holders.  
The intervention strategies for service ecosystem can be generally 
divided into three categories: the market approach based on the 
transaction cost theory, the control approach based on hierarchical 
system, and the governance approach based on network cooperation 
102,103. Considering the dynamics, diversity and uncertainty of 
individual behaviors, those centralized control and optimization 
methods are simple, identical and average, which are hardly adaptive 
to various operation scenes of service ecosystem104. A possible 
government mechanism is to apply guidance to key services, so as to 
achieve an overall healthy growth and evolution. For those incremental 
services, the service induction mechanism could be implemented 
based on identifying their ecological niche, by which  new services are 
encouraged to participate in the competition and thus fill the gap78. For 
those existing services, the service replacement mechanism could be 
implemented based on their social utility evaluation, so as to promote 
improvement of services independently, and achieve the survival of the 
fittest105,106. 
In addition, many intervention strategies of service ecosystem can 
be conducted by machine intelligence services autonomously. The 
operation of our society will become more efficient by rationally 
positioning intelligent services in service ecosystem and precisely 
setting their behavior rules107-108. Web-robots of Wikipedia and robot 
assistants of social network109 are typical examples of autonomous 
intervention by intelligent services. However, certain problematic 
scenarios require a coordination across multiple organizations or 
industries, and a plan which can be adapted to the restriction of various 
potential changes. In this situation, the man-machine coordination 
approach might be more suitable. Currently, some successful practices 
with this model have been developed, such as, crowdsourcing in 
human computation110,111, and group perception in urban computing112-
114. 
RESEARCH SCALES 
The characterizing of smart society needs to understand its 
complexity from multiple scales. Consequently, service ecosystem 
supports the exploration of smart society from three scales: 
  
“microscale (individual behavior)”, “mesoscale (organization 
structure)” and “macroscale (social governance)”. Fig.4 shows a 
matrix for evaluating the impact of smart society from three scales in 
the following capability zones: operation/status, analysis/traceability 
and intervention/adjustment.  
   
Fig.4 | Research Scales of Service Ecosystem. In this matrix, options 
with a check mark represents the fields where smart society do have a lot of 
achievements, and options with a question mark represents the fields where 
smart society only have limited achievements but  requires a careful 
evaluation. 
Micro-level 
In the past decade, wearable sensors, smart phones and social media 
have made rapid development, making it possible to observe and 
collect a large amount of personal data. With the development of the 
multi-mode sensing technologies, the physiological parameters (e.g., 
heart rate or blood sugar level) and lifestyle parameters (e.g., daily 
activities or online social services) of people is possible to be 
continuously and unobtrusively acquired115,116. In service ecosystem, 
individual behavior trajectories include the duration time that 
individual’s stick on each service, the track of wandering between 
different services, etc. By virtue of the collaboration between different 
services, the electronic archive of “digital self” can be generated for 
individuals.  
Through the data analysis and data mining, the personalized 
information (e.g. consumption preferences, lifestyle, aesthetics, and 
even value orientation, etc.) of people can be acquired. Accordingly, 
the personalized services can be customized for each person, and a 
service circle with individualization as the goal is gradually formed, 
which in turn affects individuals on their recognition boundaries, living 
habits, behavior decisions etc. For example, individual recognition 
largely depends on the adopted information flow recommendation 
services, including news recommendation, circle of friends, official 
accounts, hot searches, etc. Besides, the behavioral decisions of 
individuals (including commodity purchasing, investment 
management, health management, travel arrangement, etc.) are subject 
to personal intelligent assistant services117,118. 
The convenience of smart life does conflict with and the 
manipulation of individual cognition. How to delimit the boundary 
between the two has become the focus of future research10,119. The 
collaboration, competition and evolution of service ecosystem are the 
factors which potentially impact individual cognition, but have been 
poorly modeled until now. In Social Learning Theory proposed by 
Albert Bandura, it is confirmed that Human intellectual development 
relies on individual's innate foundation, the acquired learning 
environment and sociocultural influence. In a word, the formation and 
change of individual cognition is the result jointly affected by 
individual learning, organizational learning and cultural influence69,120. 
This viewpoint provides ideas on how to analyze the impact of smart 
society on individuals. 
Medium-level 
In the territory of smart society, the novel intelligent services are 
constantly expanding, competing, and growing, and meanwhile many 
traditional services are shrinking, merging and even dying out in 
competition. Being both powerful and relatively cheap, intelligent 
services will spread faster than computers did and touch every industry. 
Recruiters are able to pinpoint the best candidates more easily, and 
customer-service staff are able to handle queries faster. Jobs that never 
existed before could be created. The radical changes are undergoing in 
industries like health care and transport that could lead to new drug 
discoveries and treatments and safer ways to move around. 
Technological change always causes disruption, and the consequences 
of intelligent technologies could be far more disruptive. 
The competitive advantage of a company or an organization mainly 
depends on the position and proportion of machine intelligence 
services in its service ecosystem. It can be analyzed from the point, 
line, plane and body dimensions. Wherein, points are composed of 
service consumers and service providers. Lines connect the users and 
the services, which reflect service invocation relations in applications. 
When service points are interlinked with each other to provide an 
integrated service model, the plane will be derived. The one point (user 
or service) may locate in multiple planes. When the number of planes 
increases, these intertwined planes eventually constitute the body, i.e. 
the domain ecosystem. 
Today many firms are competing to constructing their service 
ecosystem by means of intelligent technologies. In this way, they can 
obtain the greatest customer stickiness and earn more profits38. This 
has been proved by the emerging Internet giants, for example, Uber, 
Airbnb, Meituan, etc121-123. But a company that achieves a major 
breakthrough in intelligent services could race ahead of rivals, put 
others out of business and lessen competition. More likely, in the years 
ahead intelligent services might contribute to the rise of monopolies in 
industries where there used to be dynamic markets, eventually stifling 
innovation and consumer choice.  This would be of great concern in 
the near future. 
Macro-level 
From the perspectives of Cyber-Physical-System (CPS) or 
controllability, the society can be decomposed into three systems: 
Natural ecological environment, man-made environment, and crowd 
behavior124,125. The natural ecological environment still cannot be fully 
understood and explained, let alone its intervention. Scientists mainly 
focus on getting a better understanding of the production and spreading 
of pollutants, as well as the discovery and traceability of the sudden 
pollution incidents. The man-made environments include various 
engineering infrastructures and buildings, landscapes, streets, etc. In 
theory, they are the system with completely controllable. Although the 
two systems are closely related to human activities, the human 
activities determine the input variables of the system only. Another 
system is built around people's demands and behaviors, including 
production, life, business, etc. At present, the majority of smart city 
projects falls in this category, such as education, medical care, retail, 
tourism, and government affairs. 
The logic of smart cities is actually to transform the urban space into 
a CPS using ICT technologies. Such a renovation follows the basic 
logic of cybernetics, which is to identify the difference between the 
practical effect and expected goal based on the perceived information, 
and then take correction measures to promote the system to the 
expected state through cyclic feedback126. However, smart society is 
an open and complex system, in which there are complex connections 
and ubiquitous interactions between elements. This results in the fact 
that the change of a variable may bring up a series of chain reactions. 
In this situation the reductionism maybe fail to simply the research 
issue. In addition, the randomness and freedom degree of crowd 
behavior result in the fact that smart society has weak capacities of 
perception and intervention at the macro scale. 
According to the Law of Requisite Variety127,128, the intervention 
strategies which can guarantee the effectiveness of social governance 
must be “specific” to each individual in the environment , in order to 
respond to all possible scenarios in the environment. However, such an 
intervention cannot be acceptable in cost. For smart society, an 
improvement on its efficiency of intervention at a large scale means a 
cost of losing the individual autonomy at a small scale. For example, 
  
service ecosystem can improve the collaboration efficiency by 
intervening the competition between single services. However, such 
efficiency improvement means the loss of system adaptability, i.e., 
lacking the ability to cope with newly-emerged situations. Therefore, 
the governance of a smart society needs to pay more attention to how 
to make rules at a reasonable scale, rather than intervening in the 
autonomic behavior of each individual. Different intervention 
strategies may vary significantly in cost and effect, according to their 
implementation time, coverage, and amplitude. Therefore, the effects 
of different intervention strategies should be deduced in advance by 
applying the operation and optimization theory on uncertain and multi-
objective conditions, which could minimize the cost of trial and 
error129-131.  
OUTLOOK 
Whether we like it or not, our society is being fully affected, 
transformed and shaped by intelligent technological revolution. Only 
by capturing the evolutionary laws and expansion boundaries of smart 
society, can we make reasonable and limited interventions. In this 
setting, we need a new interdisciplinary research field: Service 
Ecosystem. For the smooth development of this descipline, the 
following issues are to be taken special attention. 
First of all, smart society involves in a dynamic evolution, with 
novel equipments, technologies, and models to be emerging 
continuously. These novel technological species will affect existing 
social governance models from different sides. As a novel 
methodology and technical means, service ecosystem needs to be 
compatible with the latest intelligent technology development trends, 
so that our understanding of smart society can keep pace with times. 
Secondly, most of scientists consider smart society as an 
independent technical system, but lack the integration with human 
society. Due to the differences in social systems and cultures in 
different regions, the performance of machine intelligence may 
vary greatly. Therefore, researchers of service ecosystem shall pay 
much attention to the behavioral diversities of smart society in 
different environments. 
Thirdly, we can benefit from smart society, but at the same time have 
to face potential pitfalls, e.g. technical unemployment, monopolistic 
competition, etc. Therefore, a critical research issue of service 
ecosystem is how to find a delicate balance between social 
affordability and expected benefits when implementing smart society. 
No matter how ambitious the target is, it should follow the principle of 
gradual improvement to prevent the ratio of earnings to costs from 
continuously decreasing. 
Fourthly, smart society will put an end to traditional ways of social 
operation and start a new era for human society at large. It will be 
pervasive, devastating and exhilarating all at the same time. Therefore, 
the research on service ecosystem has to pay much attention to the 
“prediction” and “guidance” of possible trends in smart society. 
Although predictions may be inaccurate, predictions themselves can 
change people’s behavior and make the expected future a reality. 
Fifthly, the research on service ecosystem always requires the 
mapping relationships between physical space and virtual space to be 
accurate, comprehensive and dynamic. Even the trajectory of entity 
objects should also be included for the research. Because these “social 
laboratories” may bring privacy violations, the ethical considerations 
should be under strict supervision and legal restraint. 
Finally, the exploration in this disciplinewill require the joint efforts 
from those related disciplines, because these studies are accompanied 
by challenges brought about by interdisciplinary cooperation. It is 
essential to meet these challenges. Universities, governments, and 
funding agencies should play an important role in developing a large-
scale, equal and credible interdisciplinary research.  
To summarize, capturing the evolution laws of smart society and 
their possible impacts on the human society is the target of service 
ecosystem. Smart society is promoting the refined social governance 
to an unprecedented level, which can facilitate our life significantly 
and improve the utilization of social resources to a large extent. 
Meanwhile, it brings up plenty of potential risks, which are the key 
motivation of the research of service ecosystem. 
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